Abstract: Alloreactivity is the strongest known primary immune response. Its clinical manifestations are graft rejection, graft-versus-host disease and graft-versus-leukemia effect. The strongest stimulation by allogeneic cells is due to incompatibility at the major histocompatibility complex (MHC) genes. However, the non-MHC genes also participate in allogeneic response. Here we present a mouse model for study of the role of non-MHC genes in regulation of alloreactivity and show that they besides encoding antigens also regulate the responsiveness. Recombinant congenic strains (RCS) of O20/A (O20)-c-B10.O20/Dem (OcB/Dem) series have been derived from the parental strains O20 and B10.O20, which carry identical MHC haplotypes (H2 pz ) and therefore their differences in alloantigen response depend only on non-MHC genes. We have tested a MLR response by spleen cells of the strains O20, B10.O20, and 16 OcB/Dem strains through stimulation by cells from strains C57BL/10 (H2 b ), BALB/c (H2 d ), CBA (H2 k ), and DBA/1 (H2 q ) alloantigens. Proliferative response of O20, B10.O20 and OcB/Dem strains to these four alloantigens exhibited a similar but not completely identical pattern of reactivity. The responses to different alloantigens were highly correlated: C57BL/10 -BALB/c r = 0.87, C57BL/10 -CBA r = 0.84, C57BL/10 -DBA/1 r = 0.83. Cluster analysis of the responses by O20, B10.O20, and OcB mice identified groups of strains with distinct patterns of response. This data shows that two main types of genes influence MLR: 1. structural genes for major and minor alloantigens and 2. genes regulating T-cell receptor signal transduction or mediating costimulatory signals by antigen-presenting cells.
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Introduction
Alloreactivity is the strongest known primary immune response [1] . Clinical manifestations of humoral and cellular responses to allogeneic cell are graft rejection, graftversus-host disease (GVHD) and graft-versus-leukemia (GVL) effect. These responses are mediated by T cells, B cells and NK cell, the most essential being the T cells. T cell reaction is in vitro reflected by the MLR (mixed lymphocyte response). The strongest stimulation by allogeneic cells has been mapped to the major histocompatibility complex (MHC) genes. However, the roles of non-MHC genes that also influence alloresponse have been implicated both in experimental models and in clinical practice. In humans the non-MHC genes active in organ rejection and/or tumor rejection include those controlling ABO [2] , Lewis [3] and Rh red cell antigens [4] , malignancyassociated minor H antigens such as HA-1 (human-antigen-1), HA-2,-3,-8 and BCL2A1, normal minor H antigens that include minor antigens coded by human Y chromosome (UTY, DFFRY and DBY), minor antigens SMCY and RPS4Y and unclassified minor H antigen UGT4Y (reviewed in ref. [5] ). Polymorphism in genes coding for cytokines, their receptors and antagonists: TNFα, TNF receptor, IL-1, IL-1 receptor antagonist, IL-6, IL-10, IFNγ, TGFβ and TGFβ receptor have been also found to be associated with GVHD and/or transplant outcome (reviewed in ref. [6] ). The incompatibility of rat genes outside the MHC also results in prompt graft rejection [7] . In the mouse, non-MHC loci influence cardiac, skin [8] , corneal [9] and neural [10] allograft rejection and the role of non-MHC genes is especially important in graft-versus-host disease (GVHD) [11, 12] . Some non-MHC loci that modify alloresponse were shown to be minor antigens coded in the mouse by Mtv [13] . Several groups have reported that recognition of a host vSAG (viral superantigens) (Mls1a and Mls2a) by donor T cells may determine the manifestations of GVHD in several parental/F1 strain combinations [14, 15] , others indicate roles of non-MHC non-Mls genes in MLR [16, 17] and in GVHD [18] [19] [20] [21] .
In the mouse, influences of non-MHC genes on alloresponse have been studied using combinations of two or more contrasting strains congenic in H2 locus, which differ in the whole genome [22, 23] and in recombinant inbred strains which shared both H2 locus and differed in 50 % of the genome [24] . In this paper we describe the use of recombinant congenic strains (RCS), which were developed for analysis of multigenically controlled biological processes [25] . A series of RCS is produced by backcrossing and inbreeding from two parental inbred strains: a "background" strain and a "donor" strain. Each of these RC strains contains a different subset of about 12.5% of genes from the parental donor strain and the remaining approximately 87.5% of background strain genes. As a result the multiple non-linked genes responsible for phenotypic differences between the donor and background strains became separated into different RC strains, where they can be identified and studied individually. RC strains may be especially useful in the analysis of relationships between different components of complex traits, such as activation of lymphocytes and macrophages [26] [27] [28] [29] [30] , bone density [31] , vascular calcification [32] , susceptibility to infection [33] [34] [35] [36] , cancer [37] [38] [39] , hyperlipidaemia [40] and asthma [41] . In our previous work we analyzed the genetic basis of the response to eleven different alloantigens by the strains BALB/cHeA (BALB/c) (H2 d ) and STS/A (STS) (H2 dx ), STS being a high and BALB/c a low responder to all alloantigens tested. Subsequently, the response to four of these alloantigens was tested in twenty BALB/c-c-STS/Dem (CcS/Dem) strains. We found that some RC strains had a high response and others a low response, but this pattern of high and low MLC responses by RC strains to all four different alloantigens were very similar. This indicates that this response is largely controlled by the same set of genes [42] . In order to map the genes for the MLC response, we tested MLC response in 91 F2 hybrids between the high responder RC strain CcS-5 and the parental strain BALB/c. The linkage analysis revealed one of the controlling loci Alan1 (Alloantigen response 1) on chromosome 17, centromeric to the MHC region [17] . Presently, we have extended our studies and analyzed the response to alloantigens in RC strains of the O20/A (O20)-c-B10.O20/Dem (OcB/Dem) series. Both parental strains of OcB/Dem series carry identical haplotypes (H2 pz ) and therefore their differences in alloantigen response depend only on non-MHC genes.
In the present paper we describe the response of splenocytes to the parental strains O20 and B10.O20 and OcB/Dem strains to C57BL/10Sn (C57BL/10), BALB/cHeA (BALB/c), CBA/Ph (CBA), and DBA/1Ph (DBA/1) alloantigens.
Materials and methods

Mice
Mice, both males (n = 82) and females (n = 144), of the strains O20/A (O20), B10.O20/ R164/Dem (B10.O20) and sixteen RC strains of OcB/Dem series, 7 to 31 weeks old (mean age 13.8 weeks, median age 13 weeks), came from P. Demant's breeding colony. Both parental strains of OcB/Dem series are H2
pz . This haplotype is no recombinant of other known haplotypes, nor is any similarity known of its class I and class II regions with those of other haplotypes [43, 44] . The mice were bred and shipped from Amsterdam to Prague in 2 separate groups within a two month interval. The genetic composition of the OcB/Dem series has been described in detail in ref. [45] . When used for these experiments, the strains were at least in the 31 
Statistical analysis
The role of genetic factors in mixed lymphocyte reaction were examined by analysis of variance (ANOVA, NCSS). Strain, sex and age were fixed factors and the experiment was considered a random parameter. Counts expressing [ 3 H]-incorporation in alloantigenstimulated splenocytes were divided by the counts obtained when the same cells were maintained in medium only. We used two methods to compare responsiveness of the OcB strains to different alloantigens. To assess the degree of similarity of their responses, we computed the Spearman rank correlation coefficient pairwise between the rank order of their response to C57BL/10 cells and to cells of the other three strains. To analyze both the dissimilarities and similarities between alloresponses of individual recombinant congenic strains, we used the agglomerative hierarchical method of hierarchical cluster analysis (Ward's method) [46] and the direct two-way cluster analysis [47] . Ward's method calculates the sum of squared Euclidean distances from each case in a cluster to the mean of all variables. It uses an analysis of variance approach to evaluate the distances between clusters. Each case (in our experiment alloresponse of a certain strain) begins as its own cluster. Clusters are merged to reduce the variability within a cluster. Two clusters are merged if this merger results in the minimum increase in the error sum of squares. This means the cluster to be merged is the one that will increase the sum the least. Analysis was done using the programs SPSS 8.01 for Windows; Statgraphics Plus 7.1, and Statistika 4.3 (for two-way direct cluster).
Results
MLR response of O20, B10.O20 and the OcB/Dem series spleen cells
We tested a MLR response of spleen cells in parental strains O20 and B10.O20 (both H2 pz ) to stimulator cells from strains C57BL/10 (H2 b ), BALB/c (H2 d ), CBA (H2 k ), and DBA/1 (H2 q ), but no significant differences were found between the background and donor parental strains O20 and B10.O20, respectively, as they both are intermediate responders and did not differ in the MLR responses. However, we observed differences in magnitude of the response to the tested alloantigens among the individual OcB/Dem strains (all H2 pz ). They not only exhibited differences in magnitude of response to different alloantigens, but also differed among each other and several strains differed from the background parental strain O20 (Fig. 1A, B, C, D) . Strain OcB-9 reacts by a stronger proliferation than O20 to all the alloantigen tested, OcB-6 differed in response to C57BL/10 and DBA/1 alloantigens and OcB-16 exhibited a higher proliferative response than O20 to CBA alloantigens (P < 0.000000001 for C57BL/10 and BALB/c and P < 0.0000002 and P < 0.0015 for CBA and DBA/1, respectively). The proliferative response of O20, B10.O20 and OcB/Dem series to C57BL/10, BALB/c, CBA and DBA/1 alloantigens exhibited similar but not completely identical patterns of reactivity. We never observed a particular strain exhibiting a high response to one alloantigen and a low response to another one, but some strains were high responders to one alloantigen and intermediate responders to another one, or intermediate responders and low responders to the analyzed alloantigens (Fig. 1A, B, C, D) . These responses to different alloantigens were highly correlated: C57BL/10 -BALB/c r = 0.87, C57BL/10 -CBA r = 0.84, C57BL/10 -DBA/1 r = 0.83. The magnitude of response to all alloantigen tested was different in individual experiments (P < 0.00001), but not the pattern of strain differences. There was no evidence found that indicated the influence of age and sex (P < 0.30, 0.34, 0.63 and 0.28 for age influence on response to C57BL/10, BALB/c, CBA and DBA/1, respectively; P < 0.26, 0.06, 0.94 and 0.76 for sex influence in response to C57BL/10, BALB/c, CBA and DBA/1, respectively).
To more thoroughly analyze the differences and similarities between OcB/Dem strains, we performed cluster analysis using Ward's method [46] and the two-way joining method [47] . Ward's method marks the distance among the strains' summary MLC response to different alloantigens. As the outcome of this summary analysis is strongly influenced by the response to alloantigen that shows the strongest grouping, we also performed the two-way joining method. This method reveals the structure relation by giving the impact of response to each alloantigen by the different strains. The summarized alloresponse to C57BL/10, BALB/c, CBA and DBA/1 cells, allowed OcB/Dem strains to be divided into Fig. 1 The MLC reactivity of O20, B10.O20 and RCS of the OcB/Dem series. Stimulation indices in response to alloantigens of strains A) C57BL/10, B) BALB/c, C) CBA and D) DBA/1 are shown. The data show mean ± SD from eleven independent experiments, which have been calculated by ANOVA from the whole set of strains and this variation has been evenly divided across all strains. They give the general level of variation, rather than variation within individual strains. Asterisks indicate significant difference from the background parental strain O20. four clusters (Fig. 2) . Cluster 1 consists of both parental strains O20 and B10.O20, OcB -19, -8, -21 -1, -15, -2, -10, -12, -7; cluster 2 from strains OcB-5, -14, -11; cluster 3 from strains OcB-17, -16 and -6; cluster 4 is only the strain OcB-9. Analysis by the two-way joining method revealed OcB-6, -9, -16, and -17 as the most distinct strains (Fig. 3) . 
Discussion
Our results demonstrate the power that RC strains have for analyzing the influence of non-MHC genes to alloresponse. Although no differences have been observed between parental strains, several OcB/Dem strains differ strikingly among themselves (Fig 1, 2, 3 ) and the background strain O20. This is the often observed phenomenon in QTLs (quantitative trait loci). The same phenotype could result from actions of different alleles, so when these alleles are recombined in RC strains, the new combinations of alleles result in the appearance of new phenotypes different from those observed in parental strains. Our data indicates, that the observed differences are controlled by several non-linked loci. We have identified one of them as Alloantigen response 2 (Alan2 ) localized near the marker D4Mit72, which controls the response of OcB-9 to C57BL/10, BALB/c, CBA and perhaps also DBA/1 alloantigens [16] . Comparing the previously described genotypes of the OcB strains at this genetic region [45] revealed that B10.O20 derived segment in the region that contains the Alan2 locus is also present in the high responding strain OcB-16. Other high responding RC strains OcB-6 and OcB-17 do not carry B10.O20 derived segment in this region and therefore their response will be controlled by other genes.
Interestingly, the high responder strains OcB-9, -16 and -6 develop small or intermediate size carcinogen-induced lung tumors, strain OcB-17 was not tested in these experiments [48] . We have obtained similar results in MLC response analysis of CcS/Dem series. The strain distribution pattern of high and low MLC responses by individual CcS/Dem strains to stimulator cells of four different strains was almost identical [42] . This data indicates that at least two types of factors influencing alloreactivity may exist. The first type includes the structural differences in major and minor antigens and their incompatibility between the stimulating cells and the responder. The second type is most likely based on polymorphism in gene(s) which code factor(s) participating in the T-cell receptor signal transduction or mediating costimulatory signals by antigen-presenting cells [16] .
MLR is considered to be an in vitro correlate to the recognition phase of an allotransplantation reaction. The other steps of alloresponse could be genetically analyzed as well. By analogy with the data presented earlier, it can be hypothesized that genetic differences in these subsequent steps will be found as well. Identification of human counterparts to Alan genes could help provide a more individualized immunosuppression, especially in alloresponses where the strong role of non-MHC genes has been indicated, as in graft-versus-host disease.
